ABSTRACT: The condition about the heavy metal contamination of wetland soil has become a hot research topic in wetland science. The research on heavy metal contamination is of great importance for coastal wetland management and for monitoring the intensity of human activities. This paper aims to provide information on the concentration levels of heavy metals within different land use types in a coastal wetland in China. Topsoil (0-20cm) about different land use types was sampled in Tianjin Palaeocoast and Wetland National Natural Reserve (TJPWNR), China. The chemical properties of the soil and the concentrations of heavy metals in the different sample areas within TJPWNR were investigated in 2007. To investigate the level of pollution, total concentrations of heavy metals such as As, Cd, Cu, Pb, Zn, and Cr were analyzed by applying the method of inductively coupled plasma atomic absorption spectrometry to assess and compare contamination levels of the sampling spots. The average concentrations of As, Cu, Pb, Zn, Cr, and Cd in the surface soil were respectively 19.846, 36.147, 32.656, 100.1, 86.43 and 0.207 mg/kg. Compared with those from other typical wetlands in coastal China, the heavy metal is at a mediate level, which is consistent with the fact that the Tianjin coastal wetland is highly exploited and suffers extreme impacts from human activities. An overall common trend in heavy metal accumulation was shown to have the following decreasing order, with few exceptions: FS>VCS>HIS>WS. Our research demonstrates that the mean concentrations of heavy metals are higher in areas of intensive human activities and farmland than those in wetland soil and vegetation community soil, which suggests that human activities cause larger effects; no significant differences were observed for other heavy metals. The comprehensive contamination indices indicate low contamination levels in the four land use types. The results of this analysis suggest that land use types can play significant role in heavy metal contamination.
INTRODUCTION
Wetlands are usually low areas where heavy metals are able to more easily accumulate due to the changes of the natural environment and the influences of human activities (Seo, 2008) . Estuarine and coastal wetlands are complex and important ecosystems in which many critical environmental processes occur (Suntornvongsagul et al., Zhang et al., 2007; Bai et al., 2011 Bai et al., , 2012 . The coastal ecosystem is the most diversified and productive ecosystem among all the maritime states and, it faces organic pollution from domestic sewage and urban and industrial effluents, leading to serious impacts on the biota (Saha et al., 2006; Qiu et al., 2011) . The coastal ecosystems, particularly the important inter-tidal estuarine wetlands, are closely tied to human activities and are subject to contamination (Qiu et al., 2011) . Coastal wetlands are highly valuable in terms of ecosystem goods and services, but also as one of the main ultimate sinks for the heavy metals due to adsorption and sedimentation (Hempel et al., 2008; Barba et al., 2010; Gan et al., 2013) . Therefore, investigations regarding the concentration and characteristics of heavy metals in coastal wetland soil are useful to assess the contamination of the coastal environment (Ennouri et al., 2010) .
The impact from human-induced activities is noticeable in most regions of the world and is particu-larly evident in estuaries and coastal wetlands (Butler, 2006; Bi et al., 2007; ). With the rapid industrialization and economic development in coastal regions, heavy metals from sewage and urban and industrial effluents that continue to be discharged into estuarine and coastal ecosystems through rivers, runoff and land-based point sources may pose health risks in areas where heavy metals accumulate (Binelli et . However, 65% of wetland habitats have been depleted and destroyed due to anthropogenic activities (Lotze, et al., 2006) . The major factors influencing the nutrients are suggested to be agricultural runoff and domestic sewage, industrial and municipal discharges, harbor maintenance, and oil exploration (Grybos et al., 2007) . Recent interest in protecting coastal wetlands has been stimulated and increased monitoring of pollutants, resulting in sharply decreasing inputs of heavy metals to coastal and estuarine areas (Li et al., 2011) .
The research on coastal soil pollution has become crucial because the pollution imposes an effect upon the aquatic ecosystem, due to the toxic pollutants in the water from contaminated sites (Bai et al., 2010) . The Tianjin Palaeocoast and Wetland National Natural Reserve (TJPW), the first National Natural Reserve of Tianjin, was established in 1992. It is a typical region of a fragile coastal ecosystem, where problems clearly derive from the excessive anthropogenic activities, especially the coastal reclamation activities; these activities have caused extensive wetland loss since the 1950s, which has led to heavy metal contamination of water in the lake. Since China has initiated the reform and opening up policy in 1978, the coastal areas of Tianjin have placed great pressures on the wetland biological communities. The rapid urban and industrial development in Tianjin has led to an unprecedented surge in demand for usable land, which has resulted in extensive coastal land reclamation (Li et al., 2011) . Current studies on heavy metal pollution in Tianjin have focused on pollution surveys and assessments at a large scale. However, few data have been published on the heavy metal contamination levels of different land use types in Tianjin, especially in the coastal Tianjin areas that are experiencing rapid landscape change and pressure from human activities. Moreover, there is currently little information available on the pollutant status of soil heavy metals in different land use types in TJPW in areas of fast development. The knowledge of heavy metal concentrations in different land use types of the coastal wetlands is important for understanding the fates of these contaminants and can alert coastal managers of possible impacts upon the food web that can potentially lead to the bioaccumulation of contaminants in organisms. Therefore, the present work aimed (1) to assess the heavy metal (As, Cu, Pb, Zn, Cd, Cr) pollution in the original wetland, farmland, vegetation land, and areas of intense human activities using the pollution index in TJPW ( Figure 1) ; (2) identify the distribution of heavy metal pollution in the surface soil; (3) provide valuable suggestions with regards to wetland water management and surrounding agricultural development.
MATERIAL AND METHODS

Study Area
TJPW was established in 1992 to protect coastal wetland landscapes and ecosystems. It is a marine one that occupies 875.42km 2 in Ninghe County, Tanggu, Hangu, and Baodi District (Figure 1) . The core zone, buffer zone and experiment zone are respectively 44.85km 2 , 42.27km 2 and 788.30km 2 . The terrain has an elevation between 0 and 30m above sea level. The zone has a total population of 271,229 and 74% of population is engaged in farming. Plant resources are very rich and are concentrated in the core and buffer zones. A total of 196 species belonging to 121 genera and 46 families are found in the TJPW (plant cover reaches 80%), most of which are herbaceous plants. Farm reclamation activities started in the 1950s and most areas within natural reserves in the experiment zone have become arable land, cultivating cotton, corn and sorghum. Diking, draining, tourism and conversion to agricultural and urban uses have adversely affected coastal wetland while recent large development projects have contributed to further losses. The core zone is the Qilihai wetland protection zone, consisting of 5,300 ha arable land and 1,600 ha aquaculture water surface. There is also arable land, aquaculture water surface, rivers, etc., in the buffer zone, of which 180 ha is owned by rural settlements. The wetland is an attractive tourist destination and it supports important agricultural and fishing economies. However, large-scale land-reclamation projects have been implemented that are severely affecting these ecosystems and producing pollution.
Sample collection and analysis
Total 47 surface soils samples were collected during a soil investigation in July, 2007. Sampling sites were selected based on the spatial and land use types and can be accessible. These samples are 14 wetland lands samples, 10 farmland samples, 11 vegetation land and 12 intensive human activities areas in TJPW. Soil samples were positioned using GPS co-ordinates to accurately locate each station at depths of 0-20cm for analyses of physical and chemical properties. These samples soils with three replicates were collected in each sampling site and mixed to form a composite sample and took to the laboratory for further analysis. For the purposes of determining soil chemical properties, all soil samples were air-dried and handpicked to remove fine roots at room temperature and sieved through a 20.15mm nylon sieve to remove coarse debris.
For analysis of the content of soil heavy metal, samples were digested by HCIO4-HNO3-HF mixture in Teflon tubes. The solution was heated up until the acid was reduced to a volume of 1-2mL and then made up to a volume of 10mL with 1% HNO3. The solution of the digested samples was analyzed by inductively coupled plasma atomic emission spectrometry (Bai et al., 2011) . Quality assurance and quality control were assessed through using duplicates, method blanks and standard reference materials (GBW07401) from Chinese Academy of Measurement Sciences with each batch of samples (1 blank and 1 standard for each 10 samples). The recoveries of samples spiked with standards ranged from 95% to 105%. Soil pH was measured with a Hach pH meter (soil: water=1:5) (Hach Company, Loveland, CO, USA).
Quality assurance and quality control
All glass and plasticware were soaked in 10% nitric acid overnight and rinsed thoroughly with deionized water before use. For quality control, reagent blanks, the Chinese national standard samples of GBW07314 were used to monitor the analytical quality. The results were consistent with the reference values with relative differences within 10%. Blank determinations were carried out for each set of analysis. The determination limits of Cu, Pb, Zn, Cd, Cr, and As in surface were respectively 0.1, 0.1, 0.2, 0.02, 0.2, and 0.06mg/kg (Qiu et al., 2011).
Assessment of heavy metal contamination
The evaluation of the heavy metal status of the soil was applied through using the contamination index (Pi) and the comprehensive pollution index (P). The contamination index (Pi), which is used to demonstrate the contamination of a given pollutant, was proposed by Huang (1987) and can be expressed by the follow- 
In the above formulas, Ci denotes the observed pollution content; Xa represents the non-contaminated threshold values; Xb expresses lowly contaminated threshold value; Xc is the highly contaminated threshold value based on the toxic substances. According to the Chinese Environmental Quality Standard for Soils (GB 15618-1995) (Department of Science, Technology and Standards, Ministry of Environmental SEPAC, 1995), Class I criterion would apply to the soils of natural reserve, source for drinking water of centralized living, tea garden, pasture, etc. The soil basically keeps within a natural level and, it is the limit areas maintaining the quality of natural soil environment. Class II refers to farmland, tea garden, pasture, vegetable field, orchard etc., and the soil quality has no damage and pollution toward substantial plant and environment. It is the soil threshold value for maintaining human body health and security agricultural production. It has low effect on plant growth yet strong effects on human health. Class III designates to forest soils, soil of high background value with high capacity for pollutant and farmland soil near mining areas. It is the soil threshold value for maintaining forest production and plant growth. Therefore, Xa, Xb and Xc in the above formula respectively respond to Class I, Class II and Class III (Table  1) . Class II standard of soil quality was selected because the pH value is greater than 7.8 in TJPW.
Literature Comprehensive pollution index (P) should be estimated based on the modified Nemerow index proposed by Huang (1987) and, as shown as follows:
In the above formula, n is the number of heavy metal in research areas; i P is mean pollution index of individual heavy metal. The different threshold values denote different pollution levels, 1≤ Pi means no contamination;1<Pi ≤2 means low-level pollution; 1<Pi≤ 2 means middle-level pollution; 3 ≤ Pi is high-level pollution.
Statistics analysis
Pearson correlation was conducted through using SPSS for Windows Release 10.0. In order to study the general characteristics of heavy metals in coastal area of Tianjin, the concentrations of heavy metals and the TOC content in surface soil were used as the input data in the PC.
The differences of heavy metal concentrations between sites were tested through using ANOVA analysis. The statistical analysis of data was performed through using the software packages SPSS 13.0 and, differences were considered to be significant if P<0.05.
RESULTS AND DISCUSSION
Heavy metal content of different land use types
The average concentrations of heavy metals in surface soil of Qilihai wetland, Tianjin are summarized in Table 2 . The total mean concentrations of As, Cd, Cu, Pb, Zn and Cr in surface soil in all the sites were respectively 19 Generally, the levels of Cd, Cu and As in all surface soil followed the order: Human intensive area > farmland>wetland>vegetable community, while the level of Cr, Pb and Zn followed the order: Farmland> wetland >Intensive human area>vegetable community. Figure 4 shows the total heavy metal content in different land use types such as As, Cu, Pb, Zn, Cr and Cd. The vertical coordinates are the content of heavy metal while the horizontal coordinates are the numbers of the samples. We can see that the content of As in HIS is higher than in WS and VCS while the content of Pb in FS is obviously higher than VCS, demonstrating that the farmland soil suffered relatively high disturbance than in vegetation community soil while the content of Cd in HIS is higher than in farmland in most samples. The content of Cr in four land use types has the relatively same level. Table 2 has listed the content of heavy metals and TOC in surface soil of wetland, farmland, vegetable community, and intensive human activities in TJPW. The mean content of heavy metals was higher in HIS, FS than those in VCS. The average concentration of As, Cd and Cu in the four sampling followed the sequence HIS> WS>FS> VCS while for Zn the order was FS> HIS>WS> VCS. And Cr is WS> FS>HIS>VCS. There were no significant differences between WS and FS except of As (p<0.05) while there is significant difference between WS and VCS in Cd and Pb. Moreover, the mean concentration of As and Cu were obviously lower (p<0.01) in WS than in HIS while no significant differences (p>0.05) were observed for Cd, Pb and Zn between soils ( Table 3 ). The content of Pb and Zn was detected and found out no pollution in the four samples points, while Cu, Cr and Cd in some plots is a little pollution. Contamination indices were significantly lower (p<0.01) in Cr, Pb and Zn in the four samples. Non-significant difference was observed for heavy metal concentration of As, Cu, Cd, Cr, Pb and Zn in the wetland soil, farmland soil and vegetation community soil, and intensive human activities area are shown in Table 4 . Statistics of heavy metals concentration in different land use types of Tianjin are summarized in Table 2 . There was no significant difference for heavy metal concentrations among different land use types (Table 4) .
Previous study showed that the metal concentrations in soil from Dongzhai harbour, south of China were respectively 18, 19, 57, 0.11, 40 and 13mg/kg for Cu, Pb, Zn, Cd, Cr and As, which were much lower than the present results (Qiu et al., 2011). Australian coastal wetland in Port Hacking, situated within a National Marine Park, was deemed a clear and unpolluted coastal wetland, and its Cu, Pb and Zn concentrations in mangrove leaves that were 3.2, 1.7 and 14.3mg/kg, were slightly lower than those in Tianjin (MacFarland et al., 2003) . All the results suggested that Tianjin coastal soil was in a relatively polluted condition.
The contamination indices of As were significantly lower (P<0.01) in WS than in HIS while Zn and Cr have no significant differences in land uses. However, the contamination indices were obviously lower for Cd and As in VCS (p<0.01). The contamination indices of As in HIS are obviously larger than other elements while the content of Pb and Zn has no pollution. The content of Cu in WS and HIS is low-level polluted and, it is non-polluted in FS and VCS. The content of As in WS and VCS is non-polluted while it is moderately-polluted in HIS and low-level polluted in FS (Figure 2) . However, compared with HIS, the contamination indices were obviously lower for As, Pb and Zn in WS (p<0.01) and VCS (p<0.01). In addition, the comprehensive contamination index values demonstrated that low pollution index for the four sample spots and the value are between 1 and 2 (Figure 3) .
Heavy metals levels in some typical coastal wetlands around the world are also shown in Table 3 . Generally, levels of mangrove sediment heavy metal in the present studied areas were similar to those from and were lower than Pichavaram mangrove ecosystem in southeast coast in India, Punta Mala Bay in Pacific Panama, and Newington North estuarine wetlands in Australia. Compared with other heavy metals, little information on F concentration in coastal ecosystem has been documented. In the present study, F-level in surface soil (118.251-495.710, with mean value of 384.133mg/kg) was similar to those in another areas. The F levels in surface soil of the three studying areas were within the F background levels of coastal and estuarine soil worldwide. Overall, the target heavy metals in surface soil from Tianjin were at mediate levels compared with other areas around the world, which are consistent with the fact that Tianjin has more pollution than Hainan Province, China (Qiu et al., 2011). Table 4 . Significant between individual sites for heavy metal concentrations (mg/kg) in wetland soils under different land use ("s" indicates significant difference, and "ns" denotes non-significant difference). 
WS FS VCS
Potential risk assessment
Coastal surface is often regarded as the ultimate sink for many pollutants including heavy metals. Heavy metals in sediment may pose hazard to aquatic biota upon released into the overlaying water or through direct ingestion by deposit feeders. Many heavy metals are biologically essential elements, but they also have potential toxicity to biota if their concentrations surpass certain thresholds. Zn and Cu at low concentrations are essential elements for the growth of organisms, where Cd and Pb are non-essential elements and are toxic even at low levels (Qiu et al., 2011).
In the present study, the guidelines for the estimated surface soil safe levels of heavy metals recommended by the Ministry of Environmental Protection of the People's Republic of China were used to examine the potential ecological risk of heavy metals in surface soil ( Table 1 ). The concentrations of target metals except arsenic in surface soil were generally below the low values, while concentrations of all the target metals in surface soil were below the Xc level. This result is consistent with Qiu's findings (Qiu et al., 2011). Among the total 47 samples analyzed, only one Pb and one Cu sample exceeded the Xa values. These assessments suggest that arsenic in surface soil probably posed potential risk to the coastal ecological system of Tianjin, whereas other heavy metals are mostly not hazardous to organisms at this stage. Risk assessment show the pollution status of all target heavy metals except arsenic was still in low level and therefore their ecological and environmental effects on coastal Tianjin were also low.
Factor influencing metal distribution
No significant positive correlations between heavy metals surface soil except for those were observed (Table 5) , suggesting the similar sources and deposition mechanism of these metals. This is different from the results of Qiu (2011), revealing the significant positive correlations between heavy metals in surface soil. Poor correlations between heavy metals and TOC were also found. As most vegetation litter will be decomposed and buried in sediment, coastal wetland is rich in organic materials and favors the retention of the water-borne metals. Coastal wetland are highly efficient carbon sinks, potentially aiding the retention of toxic metals and thereby reducing transport to adjacent estuarine and marine systems. Previous reports stated that heavy metals concentration in the silt and clay fraction was generally higher than those in the sand-sized fraction in mangrove sediments (Tam et al., 2000) . It was not observed for this pattern in the present study. This may be caused by different pollution sources in the sampling sites.
Correlation between heavy metals was not good, indicating the different bioaccumulation mechanisms of target metals. Some heavy metals such as Zn and Cu may share similar absorption mechanism. On the contrary, Pb and Cd may share similar resisting mechanism. And surface granularity is another important factor regulating metal concentrations.
The content of soil heavy metal in different sampled plots shows that the content in HIS is higher than that in VCS and WS in most heavy metals. The content in WS is larger than that in VCS and lower than that in FS in all the heavy metal. It demonstrated that in land use, the content of TOC should be decreased and the content of heavy metal should be increased (Table 2, Figure 3 ). Among these heavy metals, As showed higher levels of contamination or contributed to the integrated contamination indexes in HIS and FS soils vs. VCS, which was also in agreement with the changes in Cd concentrations in these soils (Figure 2 ). This could be explained by the fact that As could be easily absorbed by plants and then returned to the surface soils through plant cycling in wetlands and cultivated wetlands after reclaimed, but some of As would be removed from cultivated wetlands due to crop harvesting. Despite the low contamination level for As, its concentrations were significantly higher in HIS vs. in WS. This was also related to assimilation and enrichment of plants and biological cycling. Similarly, crop harvest would remove some of As from cultivated wetlands. The content of Cd in VCS is much lower than that in WS, HIS and FS, which can be explained by ecosystem cycling (Fang et al., 2010) . Moreover, crop harvest activities would remove much of as from farmland. Bai et al. (2010) . The Cu, Cr and as contaminated the sediment and with moderate impacts on benthic life while Pb, Hg and Zn were found at tolerable levels throughout Baiyangdian. As is the most polluting heavy metal which mainly appears in the middle of the wetland. The TOC content in the four sample areas is related to the changes of heavy metal, because TOC could act as a main sink for heavy metal owing to strong capacity for metallic contaminants (During et al., 2003) . The order of the TOC content of four sampled areas is WS (41.99g/kg)>FS (21.80g/kg) >VCS (11.44g/kg)>HIS (10.84g/kg), which was consistent with the results proposed by Zhang et al. (2007) . Meanwhile, we also found that the content of TOC will decrease after the reclamation of wetlands while the content of heavy metal will increase. Land use types, i.e. wetland, farmland, vegetation community and intensive human soil, strongly influence soil moisture (Han et al., 2007) , which could greatly affect biovailability and mobility of heavy metals and cause their redistribution in soils.
Moreover, high alkalinity of the soils located in coastal areas is beneficial to accumulation in wetland soil than in farmland land (pH: 7.77-8.45). The soil pH values in the four sampled spots are respectively 7.91, 8.17, 8.1 and 8.07. Soil pH values are changed as the following order among various land use practices, namely, FS>VCS>HIS>WS, which could benefit the accumulation of heavy metals in FS and HIS soils. Therefore, though the comprehensive heavy metal pollution would not affect people's health in a certain degree in this study, it was still necessary to maintain vigilance in researching heavy metal content in FS and WS, because the accumulation of heavy metals could pose threat to people's health through farm produce. The human activities on land such as wetland reclamation for agriculture, drainage of wetland and ditch digging etc. have transformed the soil structure and soil chemical properties. This would inevitably affect the mobility, physical form and distribution status of heavy metals.
CONCLUSIONS
Heavy metals in different land use types in Tianjin were analyzed, and the results showed that the average concentrations of Cu, Pb, Zn, Cd, Cr and As in the surface soil were mg/kg, respectively. Based on the metals concentration, this study indicated that the pollution status of all target heavy metals in the study sites were still at mediate levels, and they have brought direct stress to the coastal environment of Tianjin, China.
Land use changes could affect heavy metals concentrations in wetland soils. Some heavy metals would be released from wetland soils after reclamation of wetlands while the cultivated wetlands would elevate heavy metal concentrations and become their "sink" after abandonment. Reclamation of tidal flats has been one of the main approaches to replenish the arable land of coastal China (Li et al., 2011) . Transforming tidal flats to farmland, however, may also result in the loss of natural marine ecosystems and water buffering capacity. During the reclamation of tidal flats, the sediment salinity must be leached with freshwater to meet the requirements of crop growth. Human activities such as wetland reclamation may affect the distribution and mobility of heavy metal in farmland and wetland soil while part of heavy metal would be stocked from wetland soil to farmland, because they became the aggregation zones after reclamation. The comprehensive pollution index found in the research demonstrates relatively high pollution level of HIS and FS, and low pollution index for VCS. The content of As is higher in HIS and FS and lower in VCS. Generally speaking, the content of heavy metal in FS is relatively low, however, it is urgent to survey the content change of Zn and Cd, because the content of heavy metals in farmland has close relation with quality of agriculture products. The research of the effect of heavy metals in wetland soil upon wetland habitat quality and the bird area are needed to be further studied in the future.
